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XXIII .  C/~emicalActlonat aDistance. By ProfiW. OSTWALD •. 

A PIECE of amalgamated zinc, as is well known, is not 
attacked by dilute acids ; if, however, a platinum wire 

be wound about it, solution in the acid takes place at once 
with evolution of hydrogen. Zinc, armed with platinum, 
cannot be dissolved in solutions of neutral salts, as, for 
instance, potassium sulphate; if a few drops of acid, as sul- 
phuric acid, be added to the liquid, solution again ensues. 

For the platinum to exercise its action, it is only necessary 
that it remain in contact with the zinc at a single point. If  
zinc and platinum be mt~de into a curved piece, with its arms 
some slight distance apart, and these be so placed in a 
potassium-sulphate solution that the portions of the liquid 
surrounding each arm are separated by a wall of porous 
material, such as unglazed earthenware or parchment-paper, 
then the question can be decided which metal, zinc or pla- 
tinum, must come in contact with the acid that solution may 
result. 

At first sight the question seems absurd ; for since the zinc 
is to be dissolved, it seems self-e~4dent that the acid belongs 
with the zinc. However, if the experiment be tried, one 
finds exactly the reverse : the zinc does not dissolve (with the 
exception of traces which would go into solution in any event) 
when the potassium-sulphate solution about it is acidified; it 

From the 8itzung~beriehte der Kgl. Siichsischen Gesellsehaft der 
Wissenschaflen for 1891, communicated by the Author. Translated by 
J. E. Trevor. 
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146 Prof. Ostwaid on C]temical Action at a Distance. 

is rapidly dissolved, on the contrary, with evolution of hy- 
drogen, when the liquid about the platinum is acidified. The 
hydrogen appears on the pIatinum, as it always does when 
these two metals are in contact. In order, under the de- 
scribed conditions, to bring the zinc into solution, the solvent 
must be allowed to act, not upon the metal to be dissolved, 
but upon the platinum which is connected with it. 

Zinc behaves in a solution of common salt in exactly the 
same way as in one of potassium sulphate ; cadmium shows 
the same behaviour. Tin is quite easily dissolved in a solu- 
tion of common salt when the metal is connected with platinum 
and the liquid about the latter is acidified. Yet in a solution 
of potassium sulphate, tin armed with platinum is dissolved, 
even with the aid of sulphuric acid, but very slowly, just as 
this metal alone is attacked only in slight degree by dilute 
sulphuric acid. The behaviour of aluminium is similar to 
that of tin ; yet the experiments therewith are not so striking, 
because with a neutral solution of common salt it develops 
bubbles of hydrogen upon its own surface (which is pre- 
sumably to be referred to the carbon contained in the metal); 
still, at least, solution takes place far more rapidly when the 
solution of salt is acidified at the platinum, in potassium 
sulphate also there ensues almost no solution upon acidifying 
at the platinum, just as dilute sulphuric acid scarcely acts 
upon aluminimn. 

The phenomena described agree in this, that the metals in 
question when brought, in contact with platinum, into neutral 
salt-solutions, are dissolved when the ordinary solvents of 
these metals are allowed to act upon the platinum. I t  may 
be asked whether the metals which are dissolved, not with 
evolution of hydrogen, but only with the accompanying action 
of an oxidizing agent, may be brought into solution according 
to the same fundamental principle. Experiment answers this 
question affirmatively ; even the more resisting metals, when 
connected with platinum, upon which their specific solvent is 
allowed to act, are dissolved in liquids which otherwise never 
attack them. 

So, for instance, after a few minutes one finds considerable 
amounts of silver dissolved :in dilute sulphuric acid, when the 
metal has been connected with a platinum wire near which a 
few drops of chromic-acid (or potassium-bichromate) solution 
have been added to the sulphuric acid. At the same time 
every caution may be employed to protect the silver from 
contact ~ith the chromate, and yet the action will be found : 
the experiment decides unequivocally that the contact of the 
platinum with the oxidizing agent conditions the dissolving 
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Prof. Ostwald on Ct~emlcal Action at a Distance. 147 

action. Similarly silver can be dissolved in a solution of 
sodium acetate. 

In the same way gold may be dissolved in a solution of 
common salt, when the platinum is brought in contact with 
chlorine (with a salt-solution saturated with chlorine). After 
but two or three minutes, in the solution which surrounds the 
gold, the characteristic reactions of this metal with ferrous 
sulphate or stannous chloride may be obtained. 

1 have for the most part carried out the experiments briefly 
described here by bringing into a small beaker an open short 
tube of about 2 centim, diameter, closed below with parch- 
ment-paper, and then filling both with the indifferent liquid, 
taking care at the same time to have the level in the tube 
always above that in the beaker. In the tube was placed the 
metal to be dissolved, the platinum wire connected therewith 
went to the bottom of the beaker. The solvents added were 
so chosen that they were heavier than the indifferent liquid; 
when a few drops thereof were brought with a pipette upon 
the bottom of the outer vessel they remained lying there 
without approaching the parchment-paper partition, which 
remained in the upper part of the liquid. After the close of 
the experiment the contents of the glass could then be easily 
investigated. 

These phenomena, which were in part already known, I 
have termed chemical action at a distance ; because the ap- 
pearance in every case is as if the specific solvent of the 
the metals, when applied at the platinum, exercises its action 
at a distance upon the metal in question. As concerns the 
explanation, therefore, there can plainly be no doubt that the 
electrolytic relations play here the decisive role. In fact the 
simplest means of deciding whether solution ensues or not is 
to switch a moderately sensitive galvanometer into the circuit 
between the metal and the platinum. While compounds 
which exert no action give a current of only short duration, 
which fails at once to a very slight amount, addition of the 
acting substance (acid or oxidizing agent) to the platinum 
causes at once a strong deflexion of the needle. No deflexion, 
on the contrary, is observedwhen the acting substance is 
brought into contact with the metal to be dissolved. 

As before mentioned, certain phenomena of this kind are 
already known. Thomsen, thirty years ago ~, described a 
galvanic element which consists of copper in dilute sul- 
phuric acid and carbon in a chromate mixture; on closing 
the connexion by means of a conductor betweeff the copper 
and the carbon, the metal, which alone is not soluble in sul- 

* l'oggendoriFs A~nalen, cxi. p. 192 (1~60). 
L 2  
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148 Prof. Ostwald on Chemical Action at a Distance. 

phurie acid, goes into solution as sulphate. I t  is also known 
that the solution of zinc and similar metals in dilute acids is 
extremely accelerated by the presence of "electronegative" 
metals, and the text-books with the mention of this fact do 
not neglect to emphasize the "galvanic contrast" which con- 
ditions the effect. Yet I do not know that an attempt at a 
closer analysis has been made, an effort in the direction of an 
explanation of the way in which the "galvanic contrast" can 
produce such action. In fact these actions, like so many 
others, seem to belong with those for which a satisfying 
explanation can be first gained on the ground of the Theory 
of free ions, of Arrhenius. They then assume the following 
form. 

Assmne a metal, as zinc, to be in contact with the solution 
of an electrolyte, as potassium sulphate. The zinc may only 
go into solution by its atoms becoming loosened from the 
metal in the form of ions with their, corresponding charges.. 
of electricity. In what manner this charging with electrmlty 
takes place, and in what it consists, are questions which we 
cannot at present answer ; but since by taking positive elec- 
tricity from the ions of tile metals we can get the latter 
with their familiar properties again, we are justified in looking 
upon the taking up of positive electricity as the characteristic 
of the transition of a metal into the condition of ions. 

As positive ions leave the originally neutral zinc, the latter 
becomes charged negatively and the solution positively. This 
lasts until a certain definite difference of potential has been 
established between the metal and the solution, according to 
which just as many positive ions are attracted out of the 
solution by the negative charge of the metal, as go into the 
solution as a result of the "solution-tension" of the zinc¢; 
then equilibrium occurs. On account of the very great quan- 
tities of electricity carried by the ions the necessary quantities 
of metal are extremely slight, in general too slight to be 
shown by analytical tests. 

The zinc is accordingly hindered from further solution by 
the excess of positive ions which exists in the liquid, and in 
order to make further solution possible these ions must be 
removed. If  another metal, for example platinum, be con- 
nected with the zinc, this assumes the same negative charge 
as the zinc. If  the platinum be dipped into the liquid this 
negative charge acts electrostatically upon the excess of 
positive ions, and these collect at the platinum. 

Now the facts of galvanic polarization show that the elec- 
* Refer to W. Nernst~ Zeitsehrift fiir physlkalisvhe Chemie~ iv. p. 150 

(lSS9). 
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Prof. Ostwald on Chemical Action at a Distance. 149 

trical charge can only be directly removed from the ions when 
they come into contact with electrodes of the same nature. 
According to the present condition of our knowledge this 
occurs only in cases of positive ions, which consist of metal 
atoms, in contact with electrodes of the same metal. A 
system, for example, of two zinc plates in zinc-sulphate solu- 
tion allows the weakest galvanic current to pass through and 
takes up no charge (not considering the secondary actions 
from alterations in concentration, w~aich do not concern us 
here) ; while, for example, a system of two platinum plates in 
dilute sulphurie acid allows a continuous current to pass only 
upon the application of electromotive forces of definite amount 
(over 1"8 volt), after a not inconsiderable quantity of elec- 
tricity has gathered upon the plates in the form of a charge. 
We must conclude from this that, for the transfer of electricity 
from an ion to a heterogeneous electrode, a definite difference 
of potential is in general requisite, which is to be regarded as 
dependent upon the nature of the ion as well as upon that of 
the electrode. 

To return to the above-mentioned case, it will depend upon 
the nature of the positive ion and of the electrode whether 
the former, under the influence of the difference of potential 
caused by the presence of the zinc, will give up to the platinum 
its electricity or not. If  the ion be the potassium of potassium 
sulphate, which holds the electricity very firmly and only gives 
it up under the action of potential differences of' between two 
and three volts, no transfer of the electricity will take place. 
If, however, the potassium sulphate at tl~e p la t inum wire be 
replaced by sulphuric acid, the difference of potential then at 
hand is sufficient to force the hydrogen ions thereof to part 
with their electrical charges, whereupon they escape in the 
tbrm of' ordinary hydrogen. By the combination of this posi- 
tive electricity with the negative of the metal the latter is 
partially neutralized, the zinc, in consequence of its lowered 
negative potential, becomes able to send out more positive 
ions, and the action continues as long as metallic zinc or 
hydrogen ions remain at disposal. 

This explanation makes apparent why in this case the 
acid must be at the platinum and not at the zinc ; it throws 
light at the same time upon all the peculiarities which are 
manifested when zinc is dissolved in acids, and which have 
till now remained insufficiently explained. It ibrms at the 
same time the starting-point towards an understanding of the 
phenomena connected with the dissolving of the metals in 
general. 

Pure zinc does not dissolve in acids, as was found by De 
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150 Prof. Ostwald on Chemical Action at a Distance. 

la Rive; well amalgamated zinc has the same property. The 
metal does not have, in this case, less tendency to go into 
solution than when impure ; for if it be connected with pla- 
tinum, copper, or any other similarly acting metal, solution 
at once ensues. The difficulty lies, therefore, plainly not in 
the dissolving of  tile zinc, but in the evolution of" tile hydrogen; 
when this latter action is assisted the solution takes place, in 
the case of either pure or amalgamated metal. That the 
hydrogen is evolved with difficulty at the zinc, more readily 
at the so-called negative metals, lies in the differences of 
potential towards the electrolyte. Zinc has a strong, positive 
solution-tension, that is it sends positive ions readily into 
the liquid and opposes correspondingly the reverse action, 
the reception of positive hydrogen ions and the removal of 
their charges, rlhe other metals in contact with the same 
electrolyte develop a far less dii~hrence of potential, or pos- 
sibly one of opposite sign, and either offer far less resistance 
to the discharging of the hydrogen or even assist it. 

This is the reason why zinc dissolves in acids when in con- 
tact with other metals; it is clear that the usual form of 
expression, that solution takes place in consequence of  galvanic 
currents between the zinc and the other metals, does not 
entirely correspond to the facts of the case. The galvanic 
currents are indeed inseparably connected with the act of 
solution; they are, however, not the primary agent which 
effects solution, but are produced by the act of solution which 
they must necessarily accompany, because the question is one 
of the tbrmation and displacement of ions. Solution ensues 
when the possibility is present that the positive ions in the 
solvent ma in any way be removed therefrom 

Y . " • . 

Differing from the simple displacement of positive ions, as 
in the case of' zinc (as also magnesimn, cadmium, and a 
few other metals), the dissolving of such metals as are not 
able to effect this displacement is accomplished by means of 
the destruction of  positive ions, or what has the same effect, 
the creation of  negative ions. Both are accomplished by the 
action of oxidizing agents, the first by means of reactions 
which produce non-electrolytes, the second by such as produce 
electrolytes. 

An example of the first case is the dissolving of copper in 
dilute sulphuric acid, which takes place slowly under the 
action of free oxygen. Here the hydrogen ions of the acid 
combine with the oxygen atoms to form the non-electrolyte 
water, and thereby it becomes possible for a corresponding 
number of copper ions to be formed, that is for the copper to 
go into solution. 
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Prof. Ostwald on Chemical Actlon at a Distance. 151 

An example of the second case is the dissolving of gold in 
chlorine-water. In order that gold ions may enter the 
liquid there must be formed there a corresponding number 
(three times greater) of chlorine ions; this takes place by the 
splitting up of the chlorine molecules of the chlorine-water 
into negatively charged chlorine ions. 

The closer analysis of these reactions leads us consequently 
to conclusions by which certain assumptions in regard to 
the electrical chal-ges of the atoms suffer not inconsiderable 
changes. Since the time of the electrochemical theory of 
Berzelius the idea has been held that the holding together of 
the atoms in molecules is conditioned by the opposed electrical 
charges of the former, and this representation has been also 
applied to the case of the combination of the same atoms, 
which Berzelius looked upon as impossible. According t~ 
this a neutral chlorine molecule would have to yield a posi- 
tive and a negative chlorine atoiu when split up. But such 
an assumption stands in complete contradiction with ex- 
perience, which has hitherto made us acquainted with nega- 
tively charged chlorine atoms exclusively~ and we have not the 
slightest indication that positive chlorine ions can exist. We 
must, on the contrary, in the face of the entirely general fact 
of the formation of dissociated chlorides out of the metals 
and free chlorine, make the assumption that with the break- 
ing down of the chlorine molecules Cl~ into chlorine ions (not 
chlorine atoms, as are formed at white heat) both parts of the 
molecule assume the same negative charge. This seems to 
stand in opposition to the general experience that, with the 
formation of electrical charges, equal quantities of positive 
and negative electricity must always be produced. Still this 
principle is also confirmed here, for from ordinary chlorine 
negative chlorine ions are formed only under such circmn- 
stances that, at the same time, the same number of positive 
ions is produced. The great activity of free chlorine in its 
action upon metals is conditioned by the great inclination of 
chlorine to pass over into ~he condition of ions ; iodine, which 
presents this ineIination in a far less degree, and has accord- 
ingly no such great a~ni ty  to neyati~,e electricity, if I may be 
allowed the expression, has correspondingly a far less capacity 
for transferring metals into the condition of ions, or~ accord- 
ing to the customary but ill-chosen expression~ to combine 
with them. 

These considerations give us the explanation for the action 
which oxidizing agents show upon contact with platinum 
which is connected with the " nobler" metals. I f  we have, 
for example, gold in a solution of common salt, it has an 

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
A

ri
zo

na
] 

at
 0

2:
54

 1
0 

Ju
ne

 2
01

6 



152 Prof. Ostwald on Chemical Action at a Distance. 

extremely slight tendency, if any at all, to form ions ; it is 
far removed from the possibility of taking from the sodium 
ions the necessary positive electricity. The entire action will 
then be limited to the gathering of a few chlorine ions upon 
the surface of the gold, and of a corresponding slight excess 
of sodium ions upon the platinum. But if now chlorine 
molecules be present, the)" find here opportunity to go over 
into negatively charged ions ; the corresponding quantity of 
positive electricity, which must be produced at the same time, 
passes through the platinum to the gold, and the latter is put 
in position to send out, or one may say is directly forced to 
send out, a corresponding number of positively charged atoms, 
or ions. 

I wish to emphasize here that, without in any way altering 
the final result, the explanation may be also given somewhat 
differently. Instead of recognizing the direct cause of the 
action in the tendency of chlorine to form negative ions, the 
active role may be ascribed to the gold, and to it be referred 
a positive tendency, though slight yet at hand, to the forma- 
tion of ions. Chlorine would then play the more passive role 
by opposing to its transfer into negative ions a very small 
resistance, which is overcome by the positive tendency of the 
gold. At present it may not be entirely easy to decide 
finally between these views ; yet, without a closer discussion 
of the question, for which, however, some material already is 
at hand, [ believe that the preference is due to the first. 

This presentation brings out under all circumstances the 
fact that the great significance which the positive ion of the 
electrolyte has in cases of metals of the character of zinc, com- 
pletely disappears in this case of the nobler metals. In tact, 
under the given conditions, gold dissolves as well when sodium- 
chloride solution, as when hydrochloric acid, both saturated 
with chlorine, is present at the platinum, which proves that 
the positive ion present, which suffers no change at all by the 
action, is not concerned, but instead only the substance which 
is able to furnish negative ions. Weaker oxidizing agents, 
that is such with less tendency towards the formation of 
negative ions, as for example bromine, are ineffective, as I 
have convinced myself by making the experiment. 

It is perhaps fitting, at this place, to say a few words in 
regard to the expressions "Tendency"  and " Inclination," of 
which use has here been made. Expressions of this kind are 
properly looked upon in exact science as suspicious, so long 
as they are not accompanied, by satisfying explanation in the 
form of a controllable defimtion. On the other hand, there 
manifests itself everywhere the need of expressions of this 
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Prof. Ostwald on C]~emical Action at a Distance. 153 

kind for the representation of natural occurrences, and the 
cause thereof lies in the following. 

The different forms of energy may be, as is known, always 
resolved into two fhctors, one of which possesses the pro- 
perty that, in a system with a definite kind of energy, a con- 
dition independent of the time may obtain only when this, 
which Helm calls the intensity ]'actor, has the same value 
everywhere in the system. Conversely, anything happens 
in the system only under the condition that the values of this 
factor at two places thereof are different. Difference of the 
intensity-factor is therefore the cause that anything happens, 
and every difference of this kind represents a " Tendency " 
or "Inclination " of the system to equalize the difference. 
Now there are possibilities, as shall in another place be more 
fully explained, of hindering this equalization by the bringing 
to bear of appropriate, opposing intensity-differences of another 
form of energy; these are exactly the cases in which the 
above-mentioned expressions "Tendency " and "Inclination" 
clearly present themselves, because the action is ready to 
take place at any time when the hindrance present is re- 
moved. In this sense, that the system of metals, electrolytes, 
&c. at hand contains differences of intensity of chemical 
energy, which are compensated by corresponding opposing 
differences of electrical intensity, or of potential, and which 
assert themselves first when, by establishment of the electric 
conduction, the latter are made to vanish,--in this sense have 
tendency and inclination been used in the preceding, and, after 
this explanation, the further use of these terms may well 
appear permissible. 

If  we now turn back to the subject under consideration, we 
see that the dissolving of metals is in all cases in so fhr electric, 
as it depends upon the changing of the metals into (electri- 
cally charged) ions. The marked activity of the metals in 
the development of electric currents depends, on the one hand, 
upon their capacity to undergo this change, on the other 
upon their capacity of "metallic" conduction. Further, 
when currents cannot be developed because the necessary 
conductors are wanting, the quantity of energy corresponding 
to the change may assume the form of heat ; as occurs, tbr 
example, with the dissolving of metals which do not separate 
hydrogen, such as copper, silver, bismuth, &c., in nitric acid 
or aqua regia. In this case the question is also one of the 
replacement, by metal ions, of the hydrogen ions present; 
but since the metal is not able to take the electricity neces- 
sary for the change directly from the hydrogen, a cause must 
be present to assist this action. Here, for example, the oxygen 
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154 Prof. Ostwald on Chemical  Ac t ion  at a .Distance. 

of the nitric acid serves the purpose. As the latter is reduced 
to nitrous acid, a bivalent oxygen atom, that is one with two 
negative electrical charges, becomes free and, with two posi- 
tive hydrogen ions, forms water. Thereby two metal ions 
with their corresponding positive charges can enter the liquid, 
or, in other words, are forced thereto by the excess of nega- 
tive ions now contained in the liquid. The electricity remain- 
ing in the metal compensates the positive electricity, which, 
according to the general law of the " Conservation of Elec- 
tricity," must be developed upon the separation of the negative 
oxygen atom. It can scarcely be necessary to add that all the 
quantities of electricity in question are, by Faraday's law, 
exactly equal to one another. 

Finally, the question presents itself whether galvanic cur- 
rents may not also be developed in aqueous solutions without 
the help of any metal, onIy by means of formation and de- 
struction of ions. Let us consider a liquid which has the 
capacity of developing positive ions, and a second in contact 
with it which can create negative ions (or destroy positive 
ones) ; then the actions will again occur with especial readi- 
ness when care is taken that the corresponding quantities of 
electricity be conducted away. This is effected by the inser- 
tion of conductors of" the first class, which are not chemically 
attacked, and which are connected so as to make possible a 
reciprocal neutralization of the displaced quantities of elec- 
tricity. 

This case becomes realized when we bring, for example, a 
solution of ferrous chloride in contact with one of sodium 
chloride containing free chlorine, and dip in both solutions 
connected electrodes of earbou or platinum. The bivalent 
ferrous ions in the ferrous chloride change into trivalent ferric 
ions. The negative quantity corresponding to the positive 
electricity is discharged through the electrode into the chlo- 
rine solution, and supplies there the amount of electricity 
necessary for the change of the molecular chlorine into 
chlorine ions, and this action continues until the supply of 
ferrous ions or chlorine molecules is exhausted. 

It becomes at once clear that here we have again to do 
with a chemical "Action at a distance" of the above-described 
kind. For it plainly makes no difference as to the action 
whether the solutions of ferrous chloride and of chlorine are in 
immediate contact, or are separated from each other by any 
electrolyte, as for example sodium-chloride solution. For 
since the transfer of electricity takes place from and to the 
ions of the electrolytes, the ferric chloride is formed in this 
case not directly from the chlorine-water but at the submerged 
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Prof. Ostwald on Chemical  Ac t ion  at a Dis tance.  155 

platinum plate, and the chlorine seems consequently not to 
exert its action where it itself is located, but at any arbitrary 
distance. Since, under the customary views, this phenomenon 
presents a rather unusual aspect, I shall describe in a few 
words a suitable arrangement of the experiment. 

The solutions in question are put into two small glass 
beakers; in one ferrous chloride, in the other a solution of 
sodium chloride saturated with chlorine : in the place of the 
latter a solution of bromine in common salt solution, or one 
of potassium t)ichromate and hydrochloric acid may be con- 
veniently used. In each glass is placed a platinmn electrode, 
and both these are joined by metallic connexion through a 
galvanometer. Finally the circuit is closed by an inverted 
siphon-tube filled with salt-solution, the ends of the tube being 
closed by parchment-paper. The galvanometer indicates at 
once a current which passes in the liquid from the ferrous 
chloride to the chlorine, and at the electrode in the ferrous 
chloride this salt changes into the ferric chloride. In order 
to render it evident that the action takes place neither at the 
parchment-paper nor uniformly in the entire liquid, but is 
limited to the surface of the electrode, where the formation 
of ferric ions from ferrous ions by the transfer of positive 
electricity is alone made possible, the ferrous-chloride solution 
(which is previously to be completely reduced by digestion 
with iron powder) may be treated with a little potassium 
sulphocyanate ; the development of the red-brown coloration 
exclusively at the electrode becomes then readily apparent. 

In place of ferrous chloride there may of course be employed 
any other " reducing " solution. In order to realize a case, 
where the transfer of electricity takes place without the inter- 
vention of metal ions, I have combined sodium bisulphite 
with a solution of sodium chloride containing bromine, and 
have observed entirely similar results ; even when the con- 
nexion is made by a siphon filled with a solution of pure 
salt, in a few moments the presence of sulphurie acid may be 
detected by means of an acid solution of barium chloride, 
while at  the same time sodium bromide, that is bromine ions, 
has been formed on the other side. 

The change in the ions of the sulphite, which here takes 
place, may be explained in different ways. There exist in 
sodium bisulphite solution the negative ions HSO~. The 
change of these into the more stable negative ions of sulphuric 
acid may be represented by the reaction 

2HS08 4 H~O = H~SO~ + H~S04, 

in which the resulting acids may be considered as partially or 
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156 Prof. Ostwald on Chemical Action at a Distance. 

wholly dissociated. In order that this may become possible, 
both of the negative units of electricity of the HSO~ ions must 
be removed ; they pass through the electrode to the other solu- 
tion, where they serve to change a bromine molecule, Br2, into 
bromine ions. The same result is reached when the bivalent 
ions of the neutral sulphite, S O3, are supposed to be changed 
into sulphuric acid according to the reaction 

SOs + H20 = H2S04 ; 

for every molecular weight of sulphuric acid formed, two 
units (of 96540 coulombs each) of negative electricity must 
pass through the connecting wires. 

The electro,notive forces which are developed when different 
solutions act upon the same metal are not unknown ; they 
were first extensively investigated by R. Arrott ~ and later by 
A. Wright and C. Thompson t. The possibility of analysing 
more closely the actions upon which they depend and of 
understanding these actions in this fundamental character, was 
first given by the consideration of the electrical relations of 
the ions, which indeed before Arrhenius developed his so 
extremely fruitful theory, was not carried out. 

In conclusion I wish to add that the description of some of 
the experiments, whiSh are communicated here, was completely 
worked out at my writing-table, before I had seen anything of 
the phenomena in question. After making the experiments, on 
the following day, it was found that nothing in the description 
required to be altered. I do not mention this from feelings 
of pride, but in order to make clear the extraordinary ease 
and security with which the relations in question can be con- 
sidered on the principles of Arrhenius's theory of free ions. 
Such facts speak more forcibly than any polemics for the 
value of this theory. 

A nmnber of interesting phenomena, with which I have 
met in further investigations on this chemical action at a dis- 
tance, will be presented at another opportunity. I hope like= 
wise, as soon as I can find the necessary time, to be able to 
produce some pertinent quantitative measurements. I do not 
mention this to keep others at present from the carrying out 
of such experiments and measurements, but, on the contrary, 
in order to express my conviction of the necessity of a search= 
ing quantitative study of thlq field. 

University Laboratory of Physical Chemistry, 
Leipsic, Germany, May 1891. 

* Phil. Mag. [3~ xxii. p. 427 (1843). 
t Joum. Chem. ~oc. 1887, p. 672. 
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